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Greenhouse studies were conducted to determine effects of zinc chloride
compounds on foliar and root growth of Marigold (tagetes patula), Zinnia (zinnia
elegans) and Vinca (catharanthus roseus). Four different experiments were conducted
using zinc chloride compounds applied as a spray on 288 plug trays at rates of 0 (paint
only), 3.5, 7, and 14 percent.
Experiment I includes examining uptake of zinc into potting media.
Experiment II examined plant growth at the various application rates and included
a visual survey.
Experiment III used microscopic studies to determine effects of zinc compounds
on root growth.
Experiment IV examined the effect of zinc compound rates on plant survival and
if survival was species and treatment rate dependent.

ACKNOWLEDGEMENTS

I would like to extend a much deserved and sincere thanks to my major Professor
Dr. David Tatum. Your belief in me and my abilities brought me to this point. Without
you allowing me to begin this process; it would have never been anything more than a
wishful thought. Thank you, Dr. Tatum.
I need to express my gratitude to the other committee members for showing
support, guidance and a lot of patience as I struggled through some very difficult times
trying to reach this point, both academically and personally. Dr. Frank Matta for
answering relentless questions that seemed endless, but yet, continued to help me find the
answers. Thanks to Drs. Larry Oldham and Mike Cox for helping me learn what research
was all about and not giving up on me.
An extended appreciation goes to Dr. David Nagel for helping put me back on the
preverbal path when I would wander off the intended goal of this research. I would also
like to thank the Mississippi Soil Testing Laboratory, Plant Pathology and State Chemical
Laboratory for all the analysis reports.
A special thank you, sincere gratitude and extended appreciation to Dr. Wayne
Wells for everything you helped me with so diligently. Dr. Wells, I want to let you know
that words cannot express the appreciation for all you have helped me with. My research
could not have been completed if you had not stepped in. When I had almost giving up,
ii

you kept me focused and would not let me quit. Your time and dedication to the students
of Mississippi State University is unsurpassed. Thank you so very much.
Finally, I want to thank the most important people, and the ones that all this is for
and about. My Lord Jesus Christ for creating me to do his work. My loving husband for
his faith and support in me, my children for eating leftovers and lots of pizza, my Mom
for helping me plant, plant and plant. My brother Eric and his loving family, for always
knowing it was possible, and my sister Rhonda for listening. Without each of you
supporting this effort it would never have never been possible to accomplish.

iii

TABLE OF CONTENTS

ACKNOWLEDGEMENTS .............................................................................................ii
LIST OF TABLES .........................................................................................................vi
LIST OF FIGURES .......................................................................................................vii
CHAPTER
I.

INTRODUCTION ..........................................................................................1

II.

LITERATURE REVIEW..................................................................................4
The Micronutrient Zinc .....................................................................................4
Functions of Zinc ..........................................................................................5
Zinc Toxicity
..........................................................................................6
Zinc Deficiency
..........................................................................................7
Zinc Chloride
..........................................................................................8

III.

MATERIALS AND METHODS.......................................................................9
Design and Implementation...............................................................................9
Experiment I: Potting media and pH................................................................12
Experiment II: Plant Growth ...........................................................................12
Experiment III: Root Response........................................................................13
Experiment IV: Plant Survival.........................................................................13
Experimental Design and Statistical Analyses .................................................13

IV.

RESULTS AND DISCUSSION......................................................................15
Experiment I: Potting Media and pH ...............................................................15
Experiment II: Plant Growth ...........................................................................18
Experiment III: Root Response........................................................................25
Experiment IV: Plant Survival.........................................................................28
iv

V.

SUMMARY AND CONCLUSION.................................................................32

LITERATURE CITED..................................................................................................35

v

LIST OF TABLES
TABLE
1.

The Influence Of Plug Trays Coated With Zinc Compounds On
Media pH, Nutrients, And Total Soluble Salts (TSS)......................................17

2.

Zinc Content Of Paint Used To Coat Plug Trays..................................................18

3.

Macronutrient Content Of Plants Grown In Plug Trays
Coated With Various Rates Of Athletic Field Paint (AFP)
And Ethylene Glycol Paint (EGP) .................................................................20

4.

Micronutrient Content Of Plants Grown In Plug Trays
Coated With Various Rates Of Athletic Field Paint (AFP)
And Ethylene Glycol Paint (EGP) .................................................................21

5.

Influence Of Plug Trays Coated With Zinc Compounds
On Plant Growth Parameters Of Marigold .....................................................22

6.

Influence Of Plug Trays Coated With Zinc Compounds
On Plant Growth Parameters Of Zinnia .........................................................24

7.

Effect Of Various Treatments On Mortality Of Three Plant Species .....................32

8.

Visual Observation Survey Of Plant Viability And Overall Health
Various Rates Of Athletic Field Paint (AFP) And
Ethylene Glycol Paint (EGP).........................................................................33

vi

LIST OF FIGURES
FIGURE
1.

Digital Imagery Of Marigold Root Systems ..............................................26

2.

Digital Imagery Of Zinnia Root Systems ..................................................28

3.

Digital Imagery Of Vinca Root Systems....................................................30

vii

CHAPTER I
INTRODUCTION
Root circling in bedding plants compromises nutrient uptake and reduces life
expectancy of bedding plants. Root circling in bedding plants causes economic losses to
the Green Industry due to lost sales from weak bedding plants and from plants remaining
unsold on the shelf of nurseries and retailers (Brown, 2001). According to the United
State Department of Commerce, Bureau of Labor and Statistics, landscape and
horticulture services produced approximately 40 billion dollars of revenue in 2003
(USDOC/BEA;USDA/ERS, 2004). The ever changing environment of growing
landscape bedding plants in containers has become an integral factor in maintaining and
producing quality bedding plants. The primary function of creating container compounds
is to produce a product that can add longer shelf life by producing hardier root systems
that could allow the plants to remain on the shelves of greenhouses longer, thus,
increasing the amount of economic value in the Green Industry.
Methods of coating plant containers have been evaluated to determine the
effectiveness in root pruning of bedding plants through earlier research. In the earlier
experiments zinc chloride compounds were observed to effectively prune roots of
greenhouse bedding plants when sprayed on four inch containers (Brown, 2001).
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The effectiveness of growth regulators both naturally occurring and synthetic can
be useful in documenting specific differences within plant species (Srivastava, 2001).
Experimental zinc chloride coatings on plug trays could produce greater cell division, yet
maintain root growth inhibition, to reduce root circling (pot-bound). According to
Claudio C. Pasian at Ohio State University, 2004, effectiveness of applying a plant
growth regulator as a paint/paclobutrazol mixture coating to the interior surface of wedge
cells to control poinsettia heights had a significant reduction in cutting heights on most of
the observed paclobutrazol concentrations. Other research has shown that Copper
hydroxide-treated containers have been reported to reduce root circling (pot-bound)
within some containers, and others have shown to promote shoot growth (Ranney et al.,
1995).
Zinc is a compound that is found naturally in nature. Zinc is a micronutrient or
trace element that is vital in the production of carbohydrate metabolism, protein
synthesis, internodal elongation, root formation, aids in seed formation and is a
component of enzymes including the plant growth hormone, auxins (Srivastava, 2001).
The function of zinc in root formation is one of the key components to researching the
possible effectiveness of zinc compounds on herbaceous bedding plants grown
containers. Nutrients can cause both toxicity and deficiencies in plants when they are
limited or exposed in excess. Like most elements, the effectiveness will be based on the
quantity of the nutrient. Zinc concentrations for most plants range between 25 to 125 ppm
and 20-200 micrograms per gram of fresh weight (Marschner, 1995). Zinc at high levels
can stunt root development, therefore, having potential to work as a root pruning agent in
2

bedding plants. In the relationship of auxin related activity the lateral growth of roots and
main roots can be inhibited (Srivastava, 2001). The key component is to find the
application rate that will not cause desiccation of the plants and achieve a satisfactory
degree of root pruning.
Zinc deficiency in plants will show symptoms of mottled leaves and irregular
chlorotic areas. Zinc deficiency in soils can lead to an iron deficiency by restricting
uptake of iron. Symptoms of iron deficiency and zinc deficiency are very similar on
herbaceous plants. Zinc deficiencies tend to occur on eroded soils and it is least available
to plants at a pH range of 5.5-7.0. Zinc toxicity in plants will show signs of chlorosis and
distorted or curling of leaves (Brady et al., 2002).
Zinc chloride is a colorless semi-translucent or white compound combination of
zinc and chlorine that is extremely hygroscopic. Use of zinc chloride compounds for root
pruning has potential benefits because the zinc compounds contain the growth hormone
auxin that naturally influences cell size, division and elongation.
Zinnia, Marigold and Vinca rank 6th, 7th and 9th, respectively within the top ten
sellers of bedding plants (Alabama Cooperative Extension Service, 2004).
This research was conducted to enhance production and quality of these plants for
the purpose of creating a greater contribution to the Green Industry. The objective of this
research was to determine the effects of zinc chloride compounds at four different rates of
root and shoot growth on three species of bedding plants (Marigold, Vinca and Zinnia).
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CHAPTER II
LITERATURE REVIEW
The Micronutrient Zinc
Zinc is a micronutrient or trace element that is essential for plant growth but is
only needed in only very small quantities. Zinc is an essential element, necessary for
sustaining all life. Zinc is found in nearly all soils and is found in combination with other
chemicals such as Zinc Chloride. In 1746, Andreas Marggraf, a German chemist and one
of the founding pioneers of analytical chemistry isolated zinc by heating calamine and
carbon (Weast, 1964).
Zinc is a lustrous bluish-white metal and is brittle and crystalline at temperatures
<110°C, but when heated can become flexible and malleable. Zinc has the symbol of Zn
on the periodic table. The molecular number of Zinc is 30, zinc has an atomic mass of
65.37 g.mol -1, density 7.11 g.cm-3 at 20°C, melting point 420 °C and reaches boiling
point at 907 °C. The two most common properties of zinc are that it is highly insoluble
and does not move through the soil (Morris et al., 1969).
Various applications of Zinc are used principally for galvanizing iron, more than
50% of metallic form of zinc goes into galvanizing steel, and it is an important compound
in the preparation of many alloys. As a pigment, zinc is used in plastics, cosmetics, and
many sources of paint compounds.
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Zinc is the 23rd most abundant element in the Earth's crust. The dominant ore is
zinc blende, also known as sphalerite, other important zinc ores are wurzite, smithsonite
and hemimorphite. Primary mining areas for zinc are Canada, Russia, Australia, U.S.A.
and Peru. The world production of zinc exceeds 7 million tons a year. On average 30%
of the world’s need requirement is met by recycling of products with zinc compounds.
(Davis, 1986).
Functions of Zinc
Zinc is essential for the transformation of carbohydrates and the regulation of
sugars and is a part of the enzyme systems which regulate plant growth. Zinc is used in
the production of meristematic tissue and is found in the young tissue and leaves. There
are many sources of zinc that occur in the soil; zinc oxide, zinc sulfate, and zinc chelates
(Brady et al., 2002). Zinc is required for the synthesis of auxins; primarily regulating the
compound indole acetic acid, IAA (Alloway, 2004). Auxins are often used to promote
the initiation of root growth. When the growth hormone auxins are used at high levels it
can stimulate the production of ethylene. The use of auxins at high levels, creating an
ethylene response can serve as a root pruning agent by inhibiting elongation growth.
However, too high of concentrations can act like a synthetic auxin such as 2-4-D and
cause plant death (Srivastava, 2002). Research previously conducted at Mississippi State
University (MSU), using zinc chloride application rates of 14% applied to 4 inch nursery
pots performed well in tissue and flowering of Begonia. The next best performance
percentage was applied rates of 7% zinc chloride compounds. According to the MSU
research, when comparing the various plant species used, Vinca performed best for root
5

pruning treatments (Brown, 2001). Based on the listed past research, certain percentages
of zinc compounds have the potiential to develop into commercial root pruning agents.
Zinc Toxicity
Zinc toxicity in plants resembles iron toxicity and could be an indication of iron
deficiency. Symptoms of iron deficiency are the inhibition of root elongation, yellowing
or chlorosis of leaves. The nutrients iron and zinc are competitive with one another.
Plants can be seriously injured or killed by toxic levels of zinc in soils (Alloway, 2004).
Zinc toxicity occurs in some acid peat soils, soils contaminated by mine spoils,
seepage or from soils derived from rock high in zinc concentrations (Alloway, 2004).
Excessive zinc levels in soils can occur on extremely acid soils with a pH <5.00. Areas
of zinc toxicity can be locations where sludge has been added to croplands as a soil
amendment. Zinc toxicity is not as common as other nutrient toxicities, but it is extremely
detrimental due to root damage
Research at Michigan State University (Vitosh et al., 1994) indicated that high
levels of available soil zinc that result in 100 to 300 ppm zinc in crown leaf tissue seldom
result in zinc toxicity in corn, which is very zinc tolerant. The same research proved that
if soil levels result in 40 to 50 ppm or more of zinc in the leaf tissue of some varieties of
dry edible beans, toxicity may occur. The research showed that zinc toxicity is species
and variety dependent. According to further research conducted at Michigan State
University, a general guide for zinc concentration in mature leaf tissue is as follows:
deficient less than 20 ppm; sufficient 25 to 150 ppm; excessive or toxic 300 ppm or more
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(Vitosh et al., 1994). Plant tolerance to zinc toxicity varies greatly, specific soil
extractable levels, which might indicate toxicity, have not been established.
Zinc Deficiency
Zinc compounds can decrease in solubility as alkalinity increase. Zinc deficiency
is most likely to occur in highly alkaline and calcareous soils. The symptoms of Zinc
deficiency may resemble deficiencies of other nutrients: Iron (Fe), Sulfur(S), Magnesium
(Mg) and Manganese (Mn). Zinc deficiency occurs as soil or media pH increases. The
higher the pH the more likely the deficiency, whereas, the lower the pH the higher the
toxicity. (Brady et al., 2002).
Zinc deficiency can be caused by several different factors, either individually or
in combination:
•

Certain plant species and varieties are zinc sensitive cultivars.

•

Soil pH >6.5 report that as soil pH increases the zinc solubility decreases.

•

Increase in other nutrients: Iron (Fe), Calcium (Ca), Magnesium (Mg),
Copper (Cu), Manganese (Mn), and Phosphorus (P) can decrease the
solubility of Zinc.

There are a number of visual symptoms that will indicate that a plant is suffering
from a zinc deficiency. Interveinal chlorosis, dead areas on the older leaf tissue, stunted
plants and reddish-purple coloration on leaves and stem (Brady et al., 2002).
Zinc deficiency can be corrected by applying Zinc when needed. There are
several different methods of applying zinc. Zinc sulfate, zinc-ammonia complex, zinc
oxides, and foliar applications and zinc chelate (Alloway, 2001).
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Zinc Chloride
Zinc chloride is a colorless, semi-translucent or white compound. It is highly
soluble in water and is fast acting dispersant. The Density of Zinc chloride is 2.907
g/cm³, in the solid state. Solubility in water is 432 g/100 mL (25 °C), and 100 g/100 mL
(12.5 °C) when mixed with an ethanol base. The melting point of zinc chloride is 275 °C
(548 K) and the boiling point is 756 °C (1029 K). The symbol for Zinc chloride is ZnCl2.
Zinc chloride has many different uses and is widely used in textile processing
because zinc chloride when at a molten state can dissolve metal oxides. Zinc chloride is
corrosive, thermic, and hygroscopic in nature (Goldsmidt, 1997).
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CHAPTER III
MATERIALS AND METHODS
Design and Implementation
Four greenhouse experiments were conducted at Dorman Greenhouse facilities
located on the campus of Mississippi State University. Three species of bedding plants,
Marigold, Tagetes patula, Zinnia, Zinnia elegans and Vinca, Catharanthus roseus were
selected for the experiments. The implemented design was split-plot design; each tray
received ninety-six seeds from each species, equaling 288 seeded cells. Each plot
represented a replication, each species per treatment having three replications. Plants
were grown in a greenhouse at 85º F/65º F (day/night temperature) for 3 weeks. Outside
and inside temperatures were monitored and recorded for the duration of the study. Light
readings were measured using a LI-18813 Integrated Quantum Radiometer/photometer
set for readings of 10 sec x 100 to determine the minimum and maximum amount of light
available to the plants, at least one cloudy or overcast day was included in the readings.
Experiments were implemented and designed to measure and evaluate plant
growth response to compounds consisting of zinc chloride. Anhydrous zinc chloride, call
number UN2331-3 using the rates of 0, 7, 3.5 (applied twice) and 14 percent volumetric
weight was used in the studies. Zinc chloride was mixed with Sherwin Williams white
latex paint and World Class athletic field line marking paint. The purpose of two different
9

paints is the chemical makeup of each. According to listed ingredients on the paint
containers, Sherwin William White Latex has the chemical Ethylene Glycol and World
Class Athletic Field Marking paint did not contain Ethylene Glycol. Further information
indicated that neither of the two paints contained any additional forms of zinc compounds
based on container labeling.
The preparation of the zinc compounds and paint sources to prepare for spraying
was developed using a glass beaker, Sherwin Williams and World Class paint was
measured to obtain necessary rate weight. 300 mls of paint was measured for Sherwin
Williams and 350 mls of paint for World Class. The individual paint was then poured into
the class beaker. De-ionized water was then added to the beaker of paint in the amount of
200 mls for Sherwin Williams solution and 175 mls for World Class. This addition of DI
water is to bring the coating mixture to a consistency that could be sprayed using the CO2
backpack sprayer. The paint and DI water was mixed, the total volume weight was taken
and Zinc Chloride added by percentage of volume weight.
The 288 plug trays were treated with zinc chloride using a CO2 backpack sprayer
set to 40 psi with a plastic 2 liter bottle attachment and single boom nozzle with flat fan
spray nozzle 8004-E. The plug trays were laid on a flat surface and sprayed at an even
rate of application to ensure uniform coverage. The remainder of the zinc chloride/latex
paint solution left in the plastic bottle was then weighed for an accurate account of
applied material.
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The 288 plug trays were allowed to air dry for 24 hours to give time for the zinc
chloride to set. The dried plug trays were then filled with Sunshine Number 1 potting
media, watered in to allow the media to settle, then allowed to fully drain.
After the trays were prepared, each tray was planted using Pan American seeds;
Marigold Tagetes patula, Zinnia Zinnia elegans and Vinca Catharanthus roseus seeds, 1
seed per cell, 96 seeds per species, 288 seeds per plot. Seeded plug trays were then placed
on greenhouses benches employing a randomized order. Each plug tray was rotated daily
to allow equal time for each tray on the various locations on the bench.
Visual data was collected from day 1 of emergence for compilation of statistical
data for correlation between emergence and application rate. Plants were counted at the
beginning of the experiment starting with emergence to end of project for viability study.
At day 14 of growth, Marigold and Zinnia were measured for leaf size and plant height.
Vinca had not produced enough plant material for a measurement.
At the end of the 3 week period of growth an ocular survey using a hedonic scale
for measurement was implemented. After all visual and experimental data could be
collected plants were harvested from the cells, counted and numbers reported.
Digitial Imagery was taken of plant roots to determine effect of zinc chloride on
the plant species. The digital imaging system was set to a 1 to 1 resolution under a Zeiss
STEMI 2000-C Imaging system set at .65X magnification. After images were collected
they were each analysed for various effects to determine root vitality.
Potting media was collected for nutrient sampling from each plot. Plant material
was harvested and oven dried at 105 Co for 48 hours. After the plants were taken out of
11

the oven they were sent to the Mississippi State University Soil Testing Laboratory for
nutrient uptake analysis.
Experiment I: Potting Media and pH
Sunshine #1 potting media mix was chosen for this experiment. The media was
put into a tumbler to mix for aeration and uniformity of potting media. A sample of the
original media was retained for testing. Potting media was sampled and measured for pH
levels and nutrient values before planting. After the plants were harvested, all media was
collected from 288 plug trays and sent to Mississippi State Soil Testing Laboratory for
analyses.
Experiment II: Plant Growth
Three species of bedding plant seeds were selected for this reserch. The species
chosen were Marigold, Zinnia and Vinca. The seeds were obtained from the Ball Seed
Company, Pan American Seed variety.
Seeds were placed in a germination study using the standards outlined in the
Association of Official Seed Analysts. 1993. Rules for testing seeds, in the Journal of
Seed Technology. Each variety of seed was tested using 50 seeds per test with 2
replications per species. The seeds were put in germination boxes (crisper) and placed in
the germination chamber to begin germination. The objective was to ensure uniformity of
germination and quantification of seed viability and vigor.
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After plants reached 14 days of growth, each species were measured for leaf
width, leaf height, stem length and total plant height. The unit of measurements were in
centimeters using a sliding rule.
Experiment III: Root Response
At 14 days of growth roots samples were extracted and examined using Digital
Imaging System set to a 1 to 1 resolution under a Zeiss STEMI 2000-C Imaging system
set at .65X magnification. This method was employed to make determination of root
vitality by analyzing treatment effects of zinc compound applications on the three species
of bedding plants. The objectives were to examine the roots visually for increased root
dimension or root damage.
Experiment IV: Plant Survival
Experiment four was to determine plant mortality. At 21 days of growth, the
plants were harvested for nutrient analyses. Before the plant material was sent for
analyses each plant was counted to determine to be alive or dead. The total numerical
account of plants being alive were subtracted from the total number of previously
counted emerged seedlings. Once data was collected an analysis of variance was
preformed using SAS as the model design for quantification.
Experimental Design and Statistical Analyses
SAS modeling program was used for the modeling procedure. Plant leaf width,
height, stems length and retained seed coats were analyzed using Analyses of Variance
(ANOVA).
13

SAS procedure GLIMMIX was run to determine if a significance difference
between application rate and species existed. The procedures were run with the least
significant difference between treatment means set at 0.05, with a 95% confidence
interval. PROC GLIMMIX procedures fit statistical models to data with correlations or
non constant variability and where the response is not necessarily normally distributed.
Conditional on these random effects, data can have any distribution in the exponential
family (SAS Institute Inc., 2007). The study was spit-plot design, with each plot
receiving ninety-six seeds of each of the three species of bedding plants. The seeds for
each of the three species of bedding plants were all from the Ball Seed Company, Pan
American seed variety.
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CHAPTER IV
RESULTS AND DISCUSSION
Experiment I: Potting Media and pH
The reported analyses are based on required nutrients for flowers and shrubs. The
media pH and chemical analysis are shown in Table 1.
Results indicated that the pH of the media ranged from 5.3 to 6.1. The range for
each nutrient, depending on applied zinc chloride treatment was as follows;
Phosphorus(P) 1.29 control to 125(EGP 14), Potassium(K) from 219 (EGP 0) to
491(EGP 14), Magnesium(Mg) from 484(AFP 14) to 931(AFP 0), Zinc (Zn) from
14.6(Original Media-No treatment), followed by 80.4(AFP 0) to 999.9 (AFP 7, AFP 14,
EGP 7, EGP 14, and AFP 3.5), Calcium(Ca) from 1760(EGP 7) to 2836(EGP 14).
The range for total soluble salts (TSS) are reported from 0.4 (Original Media-No
treatment, AFP 0, EGP 0) to 1.6(AFP 14 and AFP 3.5).
The range of the media pH indicated less than 1 unit change in pH regardless of
treatment. The largest range increase reported from the chemical analysis occurred in the
nutrient Zn with an increase in range from 14.6 to an increase to 999.9. The range
indicated an increase in all zinc levels as compared to the original media sample.
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Table 1

The Influence Of Plug Trays Coated With Zinc Compounds On Media pH,
Nutrients, And Total Soluble Salts (TSS).

Zinc Compound %
pH
y
Original Media
6.1
z
Control
5.7
AFP
0
6
3.5
5.3
7
5.7
14
5.4
EGP
0
6
7
5.4
14
5.3
Reported units ppm
AFP = Athletic Field Based Paint
EGP = Ethylene Glycol Paint
z = Plug tray not treated
y = media sample prior to planting

P
83
1.29

K
323
385

Mg
682
794

Zn
14.6
99.9

Ca
2233
2674

TSS
0.4
0.7

101
94
76
78

319
365
299
249

931
625
636
484

80.4
999.9
999.9
999.9

3075
2335
2476
1897

0.4
1.6
1.3
1.6

66
76
125

219
286
491

611
488
782

96.8
999.9
999.9

2056
1760
2836

0.4
0.8
1.3

Reported ranges of various applied rates of zinc compounds were comparable to
the increase of zinc in the potting media within reported range. Results indicate that as
increased levels of ZnCl2 were applied zinc availability was decreased. Reported ranges
of zinc indicate the lowest level being 14.6 ppm and the highest level of zinc being
reported as 999.99 ppm. Reported range in zinc increased as zinc chloride compound
treatment percentage increased. The range of TSS increased with the lowest level of
reported TSS being 0.4 and the highest reported range of 1.6ppm. The highest reported
range of TSS was within the treatment 3.5 AFP application and 14 AFP applications,
with TSS being reported of 1.6 ppm for each of the applied treatments.
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Table 1 further indicates the range of pH levels were between 5.3 and 6.1.
Reported pH within zinc compound treatments AFP 3.5 and EGP 14 were 5.3. The pH
for the control group is reported as 6.1.
The reported range increase in zinc availability within the media indicated that
there was the possibility of an additional source of zinc within the treatments of the
applied ZnCl2 compound. The availability of additional zinc could be accounted for in the
metal containers or diamaceous earth compound in the source carriers. A sample of the
two paints was sent to the Mississippi State Chemical Laboratory on the campus of
Mississippi State University. The analyses indicated that the source carriers included
zinc. Table 2 reports the Zn concentration of the two carrier sources (paints) used to coat
the plug trays. The reported values of Zn concentrations could account for the overall
increase in media Zn levels as reported in Table 1.
Table 2

Zinc Content Of Paint Used To Coat Plug Trays.

Paint
Athletic Field Paint
Ethylene Glycol Paint

Zn (mg/kg)
32
11

Table 2 reports the amount of zinc within each of the source carriers. Analysis
indicates source carrier Athletic Field paint contained 32 mg/kg of zinc prior to adding
the treatment compound zinc chloride. Source carrier Ethylene Glycol Paint contained 11
mg/kg of zinc prior to adding the treatment compound zinc chloride.
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Experiment II: Plant Growth
Plants were harvested and sent to the Mississippi State University Soil Testing
Laboratory for plant tissue analyses. Due to limited plant material all replications had to
be combined; only data is reported, no statistical analysis. The nutrient analysis for
combined replication on macronutrient content is listed in Table 3.
Table 3

Plant
Zinnia
Vinca
Marigold

Macronutrient Content Of Plants Grown In Plug Trays Coated With
Various Rates Of Athletic Field Paint (AFP) And Ethylene Glycol Paint
(EGP).

Paint/Rate
Control
Control
Control
AFP
Zinnia
AFP 0
Vinca
AFP 0
Marigold
AFP 0
Zinnia
AFP 7
Vinca
AFP 7
Marigold
AFP 7
Zinnia
AFP 3.5
Vinca
AFP 3.5
Tagetes patula AFP 3.5
Zinnia
AFP 14
EGP
Zinnia
EGP 0
Vinca
EGP 0
Marigold
EGP 0
Zinnia
EGP 7
Vinca
EGP 7
Marigold
EGP 7
Zinnia
EGP 14
Vinca
EGP 14
Marigold
EGP 14

N
2.79
4.37
2.57

P
0.6
0.81
0.37

K
4.23
4.18
4.3

CA
0.63
0.89
0.76

MG
0.64
0.65
0.43

S
0.71
0.55
1.02

2.64
3.56
1.78
5.57

0.61
0.45
0.39
0.73
0.34
0.4
0.67
0.58
0.47
0.71

4.78
2.81
4.82
3.03
1.51
4.25
1.98
2.3
3.09
2.08

0.69
0.55
0.85
1.46
0.89
1.63
1.57
1.51
1.71
1.92

0.65
0.42
0.47
0.94
0.55
0.84
0.91
0.91
0.82
1.01

0.79
0.51
1.05
0.41
0.29
0.54
0.43
0.45
0.48
0.35

0.66
0.6
0.48
0.68
0.55
0.38
0.62
0.36
0.41

4.73
3.25
4.94
2.47
2.14
3.45
3.02
1.54
4.1

0.67
0.65
1.03
1.38
1.39
1.61
1.16
1.04
1.55

0.65
0.46
0.5
0.88
0.83
0.74
0.76
0.57
0.77

0.71
0.55
1.19
0.46
0.47
0.55
0.43
0.34
0.59

2.97
5.91
3.59
5.46
2.61
3.92
2.7
4.84
2.79
4.63
2.65
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Table 3 shows the macronutrient content of plants grown in plug trays coated with
various application rates of ZnCl2 compounds. Plants were harvested and the plant
material was sent to the Mississippi State University Soil Testing Laboratory for plant
tissue analyses. Due to limited plant material all replications had to be combined, there
data is only reported, no statistical analysis. Species Zinnia was the only available plant
material at applied concentrations of AFP 14% that was available for analysis.
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Table 4

Micronutrient Content Of Plants Grown In Plug Trays Coated With
Various Rates Of Athletic Field Paint (AFP) And Ethylene Glycol Paint
(EGP).

Plant

Paint/Rate
%
Fe
Zinnia
Control
93
Vinca
Control
175
Marigold
Control
166
Zinnia
AFP 7
54
Vinca
AFP 7
110
Marigold
AFP 7
108
Zinnia
AFP 0
90
Vinca
AFP 0
144
Marigold
AFP 0
135
Zinnia
EGP 0
97
Vinca
EGP 0
211
Marigold
EGP 0
171
Zinnia
EGP 7
92
Vinca
EGP 7
222
Marigold
EGP 7
246
Zinnia
EGP 14
126
Vinca
EGP 14
166
Marigold
EGP 14
117
Zinnia
AFP 3.5
100
Vinca
AFP 3.5
165
Marigold
AFP 3.5
140
Zinnia
AFP 14
135
Reported results = ppm
Rate = denotes percentage of zinc in paint
AFP=Athletic Field Paint
EGP=Ethylene Glycol Paint

Nutrient
Mn
10
11
14
19
8
89
8
6
11
6
7
10
11
10
44
10
6
35
14
12
50
19

Zn
136
91
118
1970
2480
2740
154
116
191
86
98
92
2100
3680
2890
1980
3280
2840
2650
3850
2970
4090

Cu
12
1
19
1
3
11
15
5
17
18
5
16
5
4
10
7
5
3
1
1
1
1

Bo
86
86
100
69
52
89
96
57
70
51
110
68
45
50
37
84
38
53
33
25
34
27

Table 4 shows the micronutrient content of plants grown in plug trays coated with
various application rates of ZnCl2 compounds. After plants were harvested the plant
material was sent to the Mississippi State University Soil Testing Laboratory for plant
tissue analyses. Due to limited plant material all replications had to be combined, the data
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is only reported, no statistical analysis. Species Zinnia was the only available plant
material at applied concentrations of AFP 14% that was available for analysis.
Table 5
Treatment

Influence Of Plug Trays Coated With Zinc Compounds On Plant Growth
Parameters Of Marigold.
Leaf Width
(cm)
.42 ab

Leaf Length Stem Length Plant Height
(cm)
(cm)
(cm)
1.2 ab
1.5 a
2.1 cd

Retained
Seed Coat
6.0 a

Control
AFP (%
Zn)
AFP 0
.42 ab
1.3 a
1.5 a
2.0 d
3.6 a
AFP 7
.42 ab
1.0 bc
1.6 a
2.7 a
4.6 a
AFP 14
.40 ab
.99 c
1.6 a
2.3 bc
3.6 a
2
AFP 3.5
.40 ab
.94 c
1.6 a
2.4 ab
2.6 a
EGP (%
Zn)
EGP 0
.41 ab
1.2 ab
1.6 a
2.3 bc
1.6 a
EGP 7
.34 b
1.0 c
1.5 a
2.2 bcd
3.0 a
EGP 14
.51 a
1.0 bc
1.6 a
2.3 bcd
3.6 a
1
LSD 0.05
.16
.17
.30
.32
4.5
1
Means followed by the same letter within a column do not differ by LSD at P < 0.05
2
3.5 rate=3.5 ZnCl2 applied once then dried then applied again and dried
AFP=Athletic Field Paint
EGP=Ethylene Glycol Paint
Table 5 indicated that the influence of plug trays coated with Zn compounds on
Marigold. The results indicate that the cotyledon storage leaf width was not significantly
different from the control, but there was a difference, although not significant between
EGP plus 7 percent and 14 percent zinc chloride.
Leaf width was reduced by EGP plus 7 percent zinc chloride treatment. The
remaining treatments had no effect on leaf width. Leaf length was reduced by all
treatments except AFP 0 (paint only) and EGP 0 (paint only) treatments. The greatest
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reduction in the leaf length was by AFP plus 14 percent zinc chloride, AFP plus 3.5
percent zinc chloride (applied twice) and EGP plus 7 percent zinc chloride.
Stem length was not affected by any of the treatments. The largest reported stem
length increase of 1.68 cm within treatment application AFP plus 14 percent zinc
chloride.
Plant height increased significantly in treatments AFP plus 7 zinc chloride and
AFP plus 3.5 percent zinc chloride (applied twice). There was no noted significant
change by any of the other treatments. The greatest increase was in the plant height was
by treatment application rate of AFP plus 7 percent zinc chloride.
Retained seed coat was not affected by any of the treatments. The largest reported
retained seed coat number was 4.66 at treatment AFP plus 7 percent zinc chloride.
Results indicate that the cotyledon storage leaf length differed within carrier
source and treatment rate. The source carrier AFP plus 14 percent zinc chloride (AFP 14)
indicated a significant difference of .99 with the control value being 1.22. AFP plus 3.5
percent zinc chloride (applied twice) application rate indicated a significant difference of
.94 and control value being 1.22. The source carrier EGP plus 7 percent zinc chloride
treatment reported a significant difference of 1.03.
Growth response for stem length indicated no significant difference. Total plant
height did report a significant difference when compared against the control value of 2.14
within the source carrier of AFP at rates of 7%, 14% and 3.5%.
At the 7% treatment rate (AFP7) there was a significant difference value of 2.72
against the control of 2.14. At the 14% treatment rate (AFP 14) there was a significant
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difference value of 2.35 against the control of 2.14. At the 7% treatment rate (AFP 3.5)
there was a significant difference value of 2.46 against the control of 2.14.
The retained seed coat for Marigold indicated no significant difference between
treatments.
Table 6
Treatment

Influence Of Plug Trays Coated With Zinc Compounds On Plant Growth
Parameters Of Zinnia.
Leaf Width
(cm)

Leaf Length
(cm)

Stem Plant Height
Length
(cm)
(cm)
2.3 ab
3.1 ab

Retained
Seed Coat

Control
.72 a
1.3 a
6.3 abc
AFP(%ZnCl2)
0
.86 a
1.3 a
2.4 ab
3.3 ab
7.0 abc
7
.77 a
.98 c
2.0 ab
2.5 b
11.0 a
14
.60 a
1.0 c
1.9 b
2.6 b
9.5 ab
2
3.5
.77 a
1.0 c
2.2 ab
2.8 b
8.3 abc
EGP(%ZnCl2)
0
.85 a
1.2 ab
2.7 a
3.7 a
4.3 bc
7
.64 a
1.0 bc
2.3 ab
3.0 ab
7.0 abc
14
.83 a
.89 c
2.4 ab
2.9 ab
3.0 c
1
LSD 0.05
.32
.25
.76
.81
6.2
1
Means followed by the same letter within a column do not differ by LSD at P < 0.05
2
3.5 rate=3.5 ZnCl2 applied once then dried then applied again and dried
AFP=Athletic Field Paint
EGP=Ethylene Glycol Paint
The results indicate that there is significant difference in the effects of the various
application rates in regards to plant growth on the species Zinnia.
Cotyledon leaf width indicated that there was no significant difference within the
treatment or source carrier applications. Cotyledon leaf length indicated that there was a
significant difference within the treatment rates and source carriers within source carrier
AFP at rates of 7, 14 and 3.5 percent ZnCl2 and EGP source carrier plus 14 percent
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ZnCl2. AFP plus 7 percent ZnCl2 indicated a difference at .98 against the control of
statistical analysis of 1.35; AFP plus 14 percent ZnCl2 indicated a difference at 1.00
against the control value of 1.35 and AFP 3.5 percent (applied twice) ZnCl2 at 1.05
against the control value of 1.35. EGP source carrier plus 14 percent ZnCl2 indicated a
difference at .89 against the control of 1.35.
Leaf width of Marigold and Zinnia were unaffected by Zn compound treatments
as compared to the control. Leaf length was reduced by all treatments except for AFP 0
(paint only) and EGP O (paint only), indicating that paint alone did not reduce leaf
length. Stem length of both Marigold and Zinnia were not affected by any of the
treatments.
Plant height of Marigold was increased by AFP plus 7 percent ZnCl2 and AFP
plus 3.5 percent (applied twice) ZnCl2 compared to the control. Plant heights of Zinnia
were not affected. Retained seed coat of both Marigold and Zinnia was not affected by
the treatment.
At 14 days of growth when measurements were taken, Vinca did not have enough
growth for measurement; therefore they are excluded from the growth response test.
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Experiment III: Root Response
A
Digital Imagery of
Marigold Roots – Control
(no paint)

Figure 1

B
Digital Imagery of
Marigold Roots – Treated
(paint only)

C
Digital Imagery of
Marigold Roots – Treated
(EGP 7%)

Digital Images Of Marigold Roots Systems

Images of marigold roots systems grown in plug trays not painted and in plug
trays painted with EGP only and with EGP source carrier mixed with 7 percent zinc
chloride compound (ZnCl2) are illustrated in Figure 1. Figure 1A, shows a healthy
marigold root system that was produced under normal greenhouse plug production with
no zinc chloride. Figure 1B, marigold roots with zinc compound of 0% (paint only
application), the roots appear thinner compared to the control and are beginning to show
signs of breakage (see insert arrow), indicating a weak root system. Figure 1C, marigold
roots with treatment application rate of EGP plus 7 percent zinc compound (ZnCl2) show
the beginning signs of root damage; the roots appear darker and thinner, indicating poor
root health.
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A
Digital Imagery of Zinnia
Roots – Control
(no paint)

Figure 2

B
Digital Imagery of Zinnia
Roots – Treated
(paint only)

C
Digital Imagery of Zinnia
Roots – Treated
(EGP 7%)

Digital Images Of Zinnia Roots Systems

Figure 2 shows images of Zinnia roots systems treated under control and Ethylene
Glycol Paint (EGP) treatments. The digital imaging system was set to a 1 to 1 resolution
under a Zeiss STEMI 2000-C imaging system set at .65X magnification to determine root
health in each species of bedding plants at the levels of control, 0 and 7 percent of zinc
chloride compound using Ethylene Glycol Paint (EGP) as the source carrier. Imagery A,
in Figure 2 shows that roots are healthy with good coloration grown with no Zn
compounds. In Figure 2 B, Zinnia roots with zero percent zinc (paint only), the roots are
thicker compared with the control group.
Imagery indicates the development of a stronger root system with paint only as
compared to zinc compound treatment. However, in Figure 2C the treatment rate of EGP
plus 7 percent zinc chloride shows signs of root deterioration and lesions on the root
stem.
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A
Digital Imagery of
Vinca Roots – Control
(no paint)

Figure 3

B
Digital Imagery of
Vinca Roots – Treated
(paint only)

C
Digital Imagery of
Vinca Roots – Treated
(EGP 7%)

Digital Images Of Vinca Roots Systems

Figure 3, shows images of Vinca roots systems not treated (control), treated with
Ethylene Glycol Paint (EGP) with no zinc chloride and treated with 7 percent zinc
chloride. Figure 3A, the roots are normal and one small root is begins to show signs of
natural pruning. Figure 3B the root systems are beginning to turn brown indicating root
deterioration. Imagery 3C, the root system begins to form lesions as indicated by the
arrows. Lesions could weaken the root systems making the plant root susceptible to
injury and/or pathogens.
As indicated by the statistical analysis, the treatment application using Athletic
Field paint (AFP) had a greater effect on root deterioration than that of any other
treatment.
The digital imagery shows all of the species having some degree of root pruning.
The control groups indicate that there is a degree of natural root pruning. However, root
analysis in conjunction with foliar analysis indicates that at concentrations of 3.5, 7, and
14 percent zinc were detrimental to the roots.
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Experiment IV: Plant Survival
Table 7

Treatment

Effect Of Various Treatments On Mortality Of Three Plant Species.
Species
Catharanthus
Mortality (%)
41.3 hfgx

Tagetes

Zinnia

Control
6.7 j
24.5 i
EGP
(ppm)
0
38.3 hig
6.0j
27.0 hi
7
78.5 cd
59.0 efg
63.5 ef
14
85 c
86.0 cb
80.3 cd
AFP
(ppm)
0
40.0 hig
9.0 j
26.3 hi
7
80.6 cd
69.0 ed
65.6 ed
14
92.0 b
95.0 a
79.6 cd
3.5
84.0 c
86.0 c
80.6 cd
x
Means in columns and across columns were separated by the least significant mean test
(LSM) at P=5%.
Means with the same letter do not differ.
2
3.5 rate=3.5 ZnCl2 applied once then dried then applied again and dried
AFP=Athletic Field Paint
EGP=Ethylene Glycol Paint
Test results show a significant difference in means within the control group for
each species. The reported data shows that each of the species within the control group
has a significant difference reported with the percentage of mortality from 24.5 to 41.3.
Results show that there is a significant difference within species Catharanthus as
compared to the control within treatments groups of EGP plus zinc chloride compounds
at 7, 14 and AFP plus zinc chloride at 7, 14 and 3.5.

28

Results for species Tagetes shows a significant difference percentage reported as
compared to the control within treatments groups of EGP plus zinc chloride compounds
at 7, 14 and AFP plus zinc chloride at 7, 14 and 3.5.
Results for species Zinnia shows a significant difference percentage reported as
compared to the control within treatments groups of EGP plus zinc chloride compounds
at 7, 14 and AFP plus zinc chloride at 7, 14 and 3.5.
Results show that within all three species report that the significant difference
shows up at zinc chloride level in EGP plus zinc chloride at 7 and 14 percent and within
AFP plus zinc chloride at 7, 14 and 3.5 percent.
Test results across species in regards to treatment application rate show that
within the treatment EGP 0 (no zinc chloride) there is a significant difference in the
species Tagetes only. Results show a significant difference between species
Catharanthus, but not significant within Tagetes and Zinnia. At levels EGP plus 14
percent zinc chloride there is no reported difference across species. Reported treatment of
AFP at 0 percent (no zinc chloride added) there is a reported significant difference with
Tagetes, but not across Catharanthus or Zinnia. Treatment AFP plus 7 percent zinc
chloride there is no reported significant difference across species. Treatment AFP plus 14
percent zinc chloride there is a reported significant difference across all three species.
Treatment AFP plus 3.5 percent zinc chloride treatment there is no significant difference
across species.
Test shows that mortality is indicative upon species at different percentage of zinc
chloride applications.
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Table 8

Visual Observation Survey Of Plant Viability And Overall Health Various
Rates Of Athletic Field Paint (AFP) And Ethylene Glycol Paint (EGP).

Species

Contr
ol

AFP
0

AFP 3.5

AFP
7

AFP
14

P la nt Via b il it y
2.6

3.3

1.6

8.1

3.8

2.3

1.8

2.7

1.0

6.6

2.6

2.0

3.0

3.8

2.3

7.6

3.7

3.3

Tagetes
7.6
7.9
patula
Catharanth
5.8
5.6
us roseus
Zinnia
7.6
7.4
elegans
Mean
7.0
6.9
*Hedonic Scale: 1 = Dead, < 6 =
Healthy
AFP=Athletic Field Paint
EGP=Ethylene Glycol Paint

EGP EGP
0
7

EGP
14

2.4
3.3
1.6
7.5
3.4
2.5
Alive but unacceptable, > 6.1 = Acceptable and 9 =

Table 8 Visual Observation Survey of plant viability and overall health as
observed when treated with various rates of Athletic Field Paint (AFP) and Ethylene
Glycol Paint (EGP).
Prior to harvest of plants and to observe the visual symptoms in comparison with
species and treatment a visual observation survey was done. The hedonic scale used for
this experiment used the rating scale; 1 indicating the plant being dead, < 6 Alive but
unacceptable, > 6.1 Acceptable and 9 being a healthy plant.
Based on the observed means obtained, the survey indicated at higher treatment
rates the observed mortality increased. The survey indicated that the control and 0%
application rates of both source carriers observed plants remaining healthy and viable.
The survey aided the research with an additional visual determination of what the plants
would look like on the shelves of greenhouses and nurseries grown under these
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conditions. This experiment reiterates the quantitative findings of the plant mortality
experiment.
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CHAPTER V
SUMMARY AND CONCLUSION

Zinc compounds at high levels can perform as a root pruning agent in certain
plant species. Based on the results of this experiment, root formation was lessoned by the
zinc compounds. With each treatment percentage increase in zinc compound, the roots
appeared to weaken with less overall root formation. Similar to previous research
conducted by Castiglione in 2006, the adventitious root formation and growth
experienced delay and reduction in the overall percentage of rooted shoots, root numbers
and length in micro cuttings of species, Populus alba L. cv. Villafranca (White Poplar)
relative to the control groups when exposed to certain percentages of zinc compounds
(Castiglione et al., 2006). Based on past research and plant physiology, zinc compounds
can stunt root development, therefore, having potential to be utilized as a commercial
root pruning agent in bedding plants. In the relationship of auxin related activity the
lateral growth of roots and main roots can be inhibited (Srivastava, 2001).
This research concludes that zinc related compounds impacted the lateral and
primary root development in the three species of bedding plants. Key components for
future research are to establish the application rate that will not cause desiccation of the
plants and achieve a satisfactory degree of root pruning.
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However, this research, based on the experiment conducted for mortality shows
Tagetes patula are the stronger species when grown in 288 plus tray and Catharanthus
roses (Vinca). This information further clarifies the quantification that zinc chloride
percentages must be determined by which plant species will be subjected to the zinc
chloride compounds.
The statistical analysis shows that zinc chloride is phytotoxic at rates of 3.5
percent (applied twice), 7 percent and 14 percent when applied to 288 plug trays for
theses three species of bedding plants, Marigold, Vinca, Zinnia. However, it must be
noted that this experiment was a test using three plant species not variety. Referring to
previous research conducted by Palazzo et al., 2001 on four grass species grown on zinc
contaminated soils, the information proved that rooting for these species was directly
related to the specie of grasses and that particular species zinc tolerance. According to
Palazzo, species rooting capability was largely dependent upon on the grass species
ability to effectively exclude toxic levels of Zn uptake (Palazzo et al., 2001).
The conclusion of this research shows that applying zinc chloride rates of 3.5
percent (applied twice), 7 percent and 14 percent to stop primary growth and cause the
bedding plants begin to dehisce. The reported data shows that there are high levels of zinc
in both plant tissue analysis and pH could be potential reasons for the plants to stop
responding to the nutritional needs to ensure continued growth. The digital imagery
experiment shows, although not conclusive, that the root systems of the three bedding
plant species need to be more mature and larger root systems need to sustain the high
levels of zinc chloride applications. The small root systems show breaks and lesions that
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could be a result of zinc toxicity. Plants show to have an initial growth spike with paint
only treatments, but then there is no other growth once in the 3.5 percent (applied twice),
7 percent and 14 percent application rates are induced into the plant physiology and the
plants begin to dehisce.
Reducing root circling in container grown plants have proven to be successful for
larger woody ornamental such as Nuttall Oak that have been grown in nursery container
coated with Cupric Hydroxide (Cu(OH)2) at the root ball stage (Arnold, 1995).
According to Arnold, when Nuttall Oaks were grown in container treated with (Cu(OH)2)
provided noticeable reduction in root circling and matting at the root ball and root
systems. The root systems on the large woody ornamentals are larger and more mature,
therefore, indicating that the plants in this research may benefit from having greater root
mass and density.
The results of this research quantifies the need for additional research to
determine the appropriate levels of zinc chloride compounds that would benefit the
bedding plant root system for reducing root circling in bedding plants when grown in 288
plug trays. To conclude, the ability of zinc chloride to perform as a root pruning agent is
evident, however, the percentage in which it would be effective at a commercial level,
has not been quantified.
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